In the two-quark model supposition for K * 0 (1430), which can be viewed as either the first excited state (scenario I) or the lowest lying state (scenario II), the branching ratios and the direct CP-violating asymmetries for decaysB 0 s
* + 0 (1430)ρ − are studied by employing the perturbative QCD factorization approach. We find the following results: (a) Enhanced by the color allowed tree amplitude with large Wilson coefficients a 1 = C 2 + C 1 /3, the branching ratio ofB 0 s → K * + 0 (1430)ρ − is much larger than those of the other three decays and arrives at (3.4 +0.8 −0.7 ) × 10 −5 in scenario I, even 10 −4 order in scenario II, and its direct CP violating asymmetry is the smallest, around 10%, so this channel might be measurable in the current LHC-b experiments, where a large number (about 10 12 ) of B mesons will be produced per year. This high statistics will make the measurement possible. s → K * 0 (1430)φ, the predicted branching ratios are also small and a few times 10 −7 in both scenarios; there is no tree contribution at the leading order, so its direct CP-violating asymmetry is naturally zero. 
I. INTRODUCTION
Along with many scalar mesons found in experiments, more and more efforts have been made to study the scalar meson spectrum theoretically [1] [2] [3] [4] [5] [6] [7] . Today, it is still a difficult but interesting topic. Our most important task is to uncover the mysterious structures of the scalar mesons. There are two typical schemes for their classification [1, 2] . Scenario I: the nonet mesons below 1 GeV, including f 0 (600), f 0 (980), K * 0 (800), and a 0 (980), are usually viewed as the lowest lyingstates, while the nonet ones near 1.5 GeV, including f 0 (1370), f 0 (1500)/f 0 (1700), K * 0 (1430), and a 0 (1450), are suggested as the first excited states. In scenario II, the nonet mesons near 1.5 GeV are treated asground states, while the nonet mesons below 1 GeV are exotic states beyond the quark model, such as four-quark bound states.
In order to uncover the inner structures of these scalar mesons, many factorization approaches are also used to research the B meson decay modes with a final state scalar meson, such as the generalized factorization approach [8] , QCD factorization approach [9] [10] [11] , and perturbative QCD (PQCD) approach [12] [13] [14] [15] [16] . On the experimental side, along with the running of the Large Hadron Collider beauty (LHC-b) experiments, some of B s decays with a scalar meson in the final state might be observed in the current [17, 18] . In order to make precise measurements of rare decay rates and CP violating observables in the B-meson systems, the LHC-b detector is designed to exploit the large number of b-hadrons produced. LHC-b will produce up to 10 12 bb pairs per year (10 7 s). Furthermore, it can reconstruct a B-decay vertex with very good resolution, which is essential for studying the rapidly oscillating B s mesons. In a word, B s decays with a scalar in the final state can also serve as an ideal platform to probe the natures of these scalar mesons. So the studies of these decay modes for B s are necessary in the next a few years.
Here K * 0 (1430) can be treated as astate in both scenario I and scenario II, it is easy to make quantitative predictions in the two-quark model supposition, so we would like to use the PQCD approach to calculate the branching ratios and the CP-violating asymmetries for decaysB
In the following, K * 0 (1430) is denoted as K * 0 in some places for convenience. The layout of this paper is as follows. In Sec. II, the decay constants and light-cone distribution amplitudes of relevant mesons are introduced. In Sec. III, we then analyze these decay channels using the PQCD approach. The numerical results and the discussions are given in section IV. The conclusions are presented in the final part.
II. DECAY CONSTANTS AND DISTRIBUTION AMPLITUDES
In general, the B s meson is treated as a heavy-light system, and its Lorentz structure can be written as [19, 20] 
The contribution ofφ Bs is numerically small [21] and has been neglected. For the distribution amplitude φ Bs (x, b) in Eq.(1), we adopt the following model:
where ω bs is a free parameter, we take ω bs = 0.5 ± 0.05 GeV in numerical calculations, and N Bs = 63.67 is the normalization factor for ω bs = 0.5. In the two-quark picture, the vector decay constant f K * 0 and the scalar decay constant f K * 0 for the scalar meson K * 0 can be defined as
where
where m 1,2 are the running current quark masses. For the scalar meson K * 0 (1430), f K * 0 will get a very small value after the SU(3) symmetry breaking is considered. The light-cone distribution amplitudes for the scalar meson K * 0 (1430) can be written as
Here n + and n − are lightlike vectors: n + = (1, 0, 0 T ), n − = (0, 1, 0 T ), and n + is parallel with the moving direction of the scalar meson. The normalization can be related to the decay constants:
The twist-2 light-cone distribution amplitude Φ K * 0 can be expanded in the Gegenbauer polynomials:
where the decay constants and the Gegenbauer moments B 1 , B 3 of distribution amplitudes for K * 0 (1430) have been calculated in the QCD sum rules [10] . These values are all scale dependent and specified below:
scenarioII :B 1 = −0.57 ± 0.13,
which are taken by fixing the scale at 1GeV. As for the twist-3 distribution amplitudes Φ
, we adopt the asymptotic form:
The distribution amplitudes up to twist-3 of the vector mesons are
for longitudinal polarization. The distribution amplitudes can be parametrized as
where the decay constant f V [22] and the transverse decay constant f T V [23] are given as the following values:
Here the Gegenbauer polynomial is defined as C 3 2
(5t 2 − 1). For the Gegenbauer moments, we quote the numerical results as [24] :
III. THE PERTURBATIVE QCD CALCULATION
Under the two-quark model for the scalar meson K * 0 supposition, the decay amplitude forB 0 s → V K * 0 , where V represents ρ, ω, φ, can be conceptually written as the convolution,
where k i 's are momenta of the antiquarks included in each meson, and Tr denotes the trace over Dirac and color indices. C(t) is the Wilson coefficient which results from the radiative corrections at short distance. In the above convolution, C(t) includes the harder dynamics at larger scale than the M B scale and describes the evolution of local 4-Fermi operators
The function H(k 1 , k 2 , k 3 , t) describes the four-quark operator and the spectator quark connected by a hard gluon whose q 2 is in the order ofΛM Bs , and includes the O( Λ M Bs ) hard dynamics. Therefore, this hard part H can be perturbatively calculated. The functions Φ (V,K * 0 ) are the wave functions of the vector meson V and the scalar meson K * 0 , respectively.
Since the b quark is rather heavy, we consider the B s meson at rest for simplicity. It is convenient to use the light-cone coordinate (p + , p − , p T ) to describe the meson's momenta,
Using these coordinates, the B s meson and the two final state meson momenta can be written as (20) respectively, where the ratio
(the vector meson V ) mass. Putting the antiquark momenta in B s , V , and K * 0 mesons as k 1 , k 2 , and k 3 , respectively, we can choose
For these considered decay channels, the integration over k
, and k (22) where b i is the conjugate space coordinate of k iT , and t is the largest energy scale in function H(x i , b i , t). In order to smear the end-point singularity on x i , the jet function S t (x) [25] , which comes from the resummation of the double logarithms ln 2 x i , is used. The last term e −S(t) in Eq. (22) is the Sudakov form factor which suppresses the soft dynamics effectively [26] .
For the considered decays, the related weak effective Hamiltonian H ef f can be written as [27] 
Here the Fermi constant G F = 1.16639 × 10 −5 GeV −2 and the functions Q i (i = 1, ..., 10) are the local four-quark operators. We specify below the operators in H ef f for b → d transition:
where α and β are the SU(3) color indices; L and R are the left-and right-handed projection operators with L = (1 − γ 5 ), R = (1 + γ 5 ). The sum over q ′ runs over the quark fields that are active at the scale µ = O(m b ), i.e., (q ′ ǫ{u, d, s, c, b}).
In Fig. 1 , we give the leading order Feynman diagrams for the channelB [16] . We just need to replace some corresponding wave functions, Wilson coefficients, and parameters. Here we do not show these formulas.
Combining the contributions from different diagrams, the total decay amplitudes for these decays can be written as
The combinations of the Wilson coefficients are defined as usual [28] :
IV. NUMERICAL RESULTS AND DISCUSSIONS
We use the following input parameters in the numerical calculations [29] :
α = 100
• ± 20
• , τ Bs = 1.470 × 10 −12 s.
Using the wave functions and the values of relevant input parameters, we find the numerical values of the corresponding form factorsB in two scenarios, they are agree well with those given in [33] . In the B s -rest frame, the decay rates ofB
where M is the total decay amplitude of each considered decay and r K * 0 is the mass ratio, both of which have been given in Sec. III. The M can be rewritten as
where α is the Cabibbo-Kobayashi-Maskawa weak phase angle, and δ is the relative strong phase between the tree and the penguin amplitudes, which are denoted as "T" and "P," respectively. The term z describes the ratio of penguin to tree contributions and is defined as
From Eq.(38), it is easy to write decay amplitude M for the corresponding conjugated decay mode. So the CP-averaged branching ratio for each considered decay is defined as
Using the input parameters and the wave functions as specified in this section and Sec. II, we can calculate the branching ratios of the considered modes where the uncertainties are mainly from the decay constant, the Gegenbauer moments Table I . It is easy to get the conclusion that the branching ratios of the decaysB 0 s → K * 0 (1430)V are not far away from those ofB 0 s → KV , where V represents ρ, ω, φ. The same conclusion is also obtained in Ref. [12] . In Table II , we list the values of the factorizable and nonfactorizable amplitudes from the emission and annihilation topology diagrams of the decaysB Table II , one can find that because of the large Wilson coefficients a 1 = C 2 + C 1 /3, the tree-dominated decay channelB Now, we turn to the evaluations of the direct CP-violating asymmetries of the considered decays in the PQCD approach. The direct CP-violating asymmetry can be defined as
Here the ratio z and the strong phase δ are calculable in PQCD approach, so it is easy to find the numerical values of A dir CP (in unit of 10 −2 ) by using the input parameters listed in the previous for the considered decays in two scenarios: 
where the uncertainties are mainly from the decay constant, the Gegenbauer moments B 1 and B 3 of the scalar meson K * 0 . Compared with the values of the branching ratios, we can find that if the direct CP-violating asymmetries are sensitive to some parameters, while the branching ratios are insensitive to them, for example, the decay constant of K * 0 . For the decaysB
0 , their direct CP-violating asymmetries in scenario II are more than 3 times than those in scenario I. In both scenarios, the direct CP-violating asymmetries of these two decay channels are close to each other in size, while they are opposite in sign. The reason for this is the following. The mesons ρ 0 , ω have very similar mass, decay constant, and distribution amplitude, only the opposite sign of dd in their quark components, and the difference will appear in penguin operators. From our numerical results, we can find that the contributions from tree operators for these two channels (denoted as T K * 0 0 ρ 0 and T K * 0 0 ω ) are really very close, and those from penguin operators for these two channels (denoted as P K * 0 0 ρ 0 and P K * 0 0 ω ) are opposite in sign. Furthermore, the real parts of P K * 0 0 ρ 0 and P K * 0 0 ω in each scenario have large differences in size. 
V. CONCLUSION
In this paper, we calculate the branching ratios and the CP-violating asymmetries of decaysB 0 s → K * 0 (1430)ρ(ω, φ) in the PQCD factorization approach. Using the decay constants and light-cone distribution amplitudes derived from QCD sum-rule method, we find that
• We predict the form factor AB 
where the uncertainties are from the decay constant, the Gegenbauer moments B 1 and B 3 of the scalar meson K * 0 .
• Because of the large Wilson coefficients a 1 = C 2 + C 1 /3, the branching ratios of B 0 s → K * + 0 (1430)ρ − are much larger than those of the other three decays in both scenarios and arrive at a few times 10 −5 in scenario I, even at the 10 −4 order in scenario II, while its direct CP-violating asymmetry is the smallest one, around 10%. The values for this channel might be measured by the current LHC-b experiments.
• For the decaysB 0 s → K * 0 0 (1430)ω, K * 0 0 (1430)ρ 0 , their direct CP-violating asymmetries are large, but it might be difficult to measure them, because their branching ratios are small and less than (or near) 10 −6 in both scenarios.
• The values of cos δ for the decaysB • Because the mesons ρ 0 , ω have very similar mass, decay constant, distribution amplitude, only opposite sign of dd in their quark components, and this difference only appears in the penguin operators; so these two tree document decays B • As for the decayB s 0 → K * 0 0 (1430)φ, though there exist large differences between the two scenarios, the predicted branching ratios are small and a few times 10 −7 in both scenarios. There is no tree contribution at the leading order, so the direct CP-violating asymmetry is naturally zero.
